The LHCb approach for a precise determination of the CKM angle γ from tree-level decays is presented. Up to 16 independent determinations, using a variety of beauty and charm mesons decay modes, are available at LHCb. Not all of them have the same sensitivity to γ.
I. INTRODUCTION
Following the arguments developed in [1] , one of the mandatory requirements to understand the origin of the baryon asymmetry of the Universe is that both charge (C) and charge-parity (CP) symmetries are broken. The latter phenomenon arises in the Standard Model (SM) of particle physics through the complex phase of the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix, although the effect in the SM is not large enough to account for the observed baryon asymmetry in the Universe. Violation of CP symmetry can be studied by measuring the angles of the CKM unitarity triangle. One of these angles, γ ≡ arg(−V ud V ub /V cd V cb ), can be measured using only tree-level processes; a method that, assuming new physics is not present in tree-level decays, has negligible theoretical uncertainty. Disagreement between such direct measurements of γ and the value inferred from global CKM fits, assuming the validity of the SM, would indicate new physics beyond the SM. The value of γ can be determined by exploiting the interference between favoured b → cW (V cb ) and suppressed b → uW (V ub ) transition amplitudes. The most precise way to determine γ is through a combination of measurements from many decay modes. Up to 16 decay modes are considered at present by the LHCb Collaboration [2] . Three of them, using very different analysis techniques, will be briefly discussed in the next sections. The last but one section will present the results of the combination. The last will draw conclusions and future prospects.
In the decay mode 
) a sum of a favoured, the first, and a suppressed, the latter, amplitudes, where m 2 ± represents the K 0 S h ± invariant mass squared and r B (δ B ) is the ratio (strong phase difference) between these amplitudes. Here and in the following the quantities labeled just r B and δ B are unique to each B decay mode. Four CPV observables defined as: x ± ≡ r B cos(δ B ± γ) and y ± ≡ r B sin(δ B ± γ) are determined by measuring the B + and B − yields in bins of the Dalitz plot variables m Bin: -4 Bin: +4 y ± values in terms of γ is given in Fig. 3 , corresponding to:
• where the uncertainty corresponds to the 68 % confidence interval. This is the most precise determination of γ from a single analysis. At present the result is statistically limited but the analysis presented was using only 2015-2016 data, so only 2 out of the 5.9 fb Reproduced from Ref. [3] .
BODY D DECAYS) ANALYSIS
In the decay mode B + → DK + , where the neutral D meson decays to h + h − and h + π − π + π−, h = K, π and the K + meson to K 0 S π + , the sensitivity to γ is obtained from the interference observed by reconstructing the D meson in final states accessible to both D 0 and D 0 [5] . Up to 12 CP observables can be measured. For illustration purposes, one of them is defined as:
which represents the CP asymmetry for the D → K + K − decay mode. A ππ is defined similarly but swapping
with r B and δ B defined as in the previous section and k a dilution factor for non K (892) − → K 0 S π − contributions. This shows the connection, for one of the 12 CP observables, with the physical parameter of interest, γ. The observed invariant mass distribution for 
ered with the observed yields in the B + and B − cases reported in Tab. I. The analysis is using the 2011 to 2016 LHCb data set. These numbers allow the ex- 
traction of the 12 CP observables. For illustration purposes: ± the sensitivity to γ is obtained from the interference of decay amplitudes with and without mixing [6] . This is a time dependent analysis requiring flavour tagging to determine the flavour of the reconstructed neutral B meson at production time. The CP parameters related to r B , δ B and (γ − 2β s ), where β s ≡ arg(−V ts V tb /V cs V cb ) , are obtained fitting the observed decay time distribution. The fit results to the D 
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Reproduced from Ref. [6] .
As the effect of CPV is difficult to appreciate in 
This is the most precise determination of γ from a B s meson decay. The result is obtained using so far only the 3 fb −1 collected in 2011-2012 and will be extended to the 5.9 fb −1 collected during Run2 allowing to improve significantly the statistical accuracy on γ. Reproduced from Ref. [6] .
V. γ COMBINATION RESULTS
As the most precise determination of γ from a single measurement presently has a statistical uncertainty around 10
• , which is large with respect to what desirable, it is mandatory to combine the measurements obtained from all the accessible decay modes [2] . The present LHCb γ combination uses as input 98 observables to constrain 40 free parameters. The main results of the fit are γ, treated as a common free parameter, and the r B and δ B values of each considered decay mode. In order to extract γ from the measurements presented in the previous sections some "auxiliary" inputs are also needed. One example being the value of β s for the B indicate that with a luminosity of 23 fb −1 , available by about 2024, an accuracy of 1.5
• should be reachable. As shown in Fig. 11 , at that time the LHCb uncertainty will be similar to the present global fits uncertainty (in Fig. 11 the central value of the expected 23 fb −1 result has been arbitrarily kept to its current value). If the accuracy of the external inputs will not limit the LHCb measurements and if a luminosity of 300 fb −1 could be reached by the end of LHC operations the uncertainty on γ should shrink to 0.35
• . At present LHCb has improved the accuracy of the γ measurement obtained by BaBar or Belle by a factor of about 3. In the forthcoming months Belle II, that started full physics operation in 2019, will start to push towards a reduction of the uncertainty on γ, having about the same expected sensitivity as LHCb.
